Introduction

9
Electrochemical energy conversion plays an important role for the current change in energy 10 infrastructure. Fuel cells provide a clean way of electricity production from chemical energy, e.g. for 11 the automotive sector or also stationary sector from kW to MW energy scales [1] . The environmentally 12 friendly production of hydrogen gas would allow to store "green energy" and to convert it back in times 13 of high demand or low electricity production. Electrolyzers and fuel cells are the components capable wavelength of neutrons allows to look at structures from atomic to macroscopic length scales with 24 different scattering [5, 6] and imaging techniques [7, 8] . Moreover, the kinetic energy of neutrons allows 25 to study proton diffusion processes on nanometer length scales [9] . The large penetration through 26 materials allows even for "operando" experiments with neutron spectroscopy [10] . Such advanced 27 characterization methods shall permit researchers to increase cell efficiencies, unveil degradation 28 mechanisms, and fabricate the next generation of solid electrolytes for fuel cells and electrolyzers. Here 29 in this manuscript, another important step is given towards this direction, unveiling critical properties 30 and characteristics using neutron scattering. 
Transmission Electron Microscopy
Results
54
We first address the structure of the Pt/C catalysts using Transmission Electron Microscopy (TEM).
55 Figure 1 shows the bright field TEM images of a 20%wt. and a 60%wt. platinum supported on carbon 56 black from Johnson&Matthey. The mean particle size was 2.6 and 3.5 nm for the 20% Pt/C and 60%
57
Pt/C respectively. The nanoparticles are homogeneously dispersed over the entire carbon surface, and 58 only scattered agglomerates are observed. However, it is clearly noticed on the 60% Pt/C ( Figure 1B) 59 that small nanoparticles tend to coalesce into larger particles or form agglomerates. Nevertheless, we 60 consider both catalysts options suitable for electrode fabrication and further characterization. . Platinum supported on carbon black (Pt/C 60%), both catalysts commercially available from Johnson&Matthey. Pt/C 20% has an average particle size of 2.6 nm ± 0.5, and Pt/C 60% has an average particle size of 3.5 nm ± 0.5.
A generic way of SANS data evaluation is provided by the Beaucage model [17, 18] :
with a characteristic radius of gyration R g and "Guinier-prefactor" G, and a power law decay with the Porod exponent P and scaling factor B, which can be written as
with the Gamma function Γ(x). It yields a characteristic length scale via the radius of gyration, 68 the power law decay P indicating the fractality of the structure.
69
The small angle part (corresponding to large structures) of the electrode layer has been evaluated 70 with two levels of the Beaucage model plus a constant background which is mainly a result from 71 isotropic incoherent scattering in the sample:
where bgr is a constant and I B1/2 (q) are two instances of the Beaucage model, yielding two 73 characteristic length scales R 1/2 .
74
The diffraction part (WANS, wide angle neutron scattering) of the scattering curve with q>1Å −1 75 has been fitted with a sum of Gaussians:
The high-q regime has been fitted with i=4 Gaussians, yielding the peak area, the position of the 77 peak and the standard deviation for the different peaks. This rather phenomenological approach is 78 sufficient in this case since the visible peaks are attributed to different materials in the sample.
79
The whole scattering curve can be described finally with the two contributions from SANS and WANS: 2.442e+00 1.392e+00 1.902e+00 1.121e+00 bgr (cm −1 ) 2.331e-07 9.733e-07 2.664e-07 1.620e-06 R g,0 (Å) 9.945e+00 2.908e+01 1.101e+01 1.663e+01 R g,1 (Å) 4.915e+02 4.537e+02 5.670e+02 5.027e+02 P 0 3.634e+00 2.052e+00 4.029e+00 2.403e+00 P 1 3.847e+00 4.054e+00 3.793e+00 3.972e+00
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Discussion
83
The structure of HT-PEFC catalyst layers has been analyzed with SAXS, SANS and transmission 84 electron microscopy (TEM) with samples of the same kind (20 and 60 % Pt) [13, 19, 20] . 
